Applying Aqueous Biphasic Systems for Partitioning N-Methylimidazolium Grafted Merrifield Resin Microparticles by Deng YF et al.
  
PLEASE SCROLL DOWN FOR ARTICLE
This article was downloaded by: [CAS Chinese Academy of Sciences]
On: 4 March 2011
Access details: Access Details: [subscription number 917170678]
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK
Solvent Extraction and Ion Exchange
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597298
Applying Aqueous Biphasic Systems for Partitioning N-
Methylimidazolium Grafted Merrifield Resin Microparticles
Yuefeng Denga; Dongli Zhanga; Lili Zhua; Tao Longa; Ji Chena
a State Key Laboratory of Rare Earth Resource Utilization, Changchun Institute of Applied Chemistry,
Chinese Academy of Sciences, Changchun, P. R. China
Online publication date: 25 August 2010
To cite this Article Deng, Yuefeng , Zhang, Dongli , Zhu, Lili , Long, Tao and Chen, Ji(2010) 'Applying Aqueous Biphasic
Systems for Partitioning N-Methylimidazolium Grafted Merrifield Resin Microparticles', Solvent Extraction and Ion
Exchange, 28: 5, 653 — 664
To link to this Article: DOI: 10.1080/07366299.2010.502855
URL: http://dx.doi.org/10.1080/07366299.2010.502855
Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf
This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.
The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.
Solvent Extraction and Ion Exchange, 28: 653–664, 2010
Copyright © Taylor & Francis Group, LLC
ISSN 0736-6299 print / 1532-2262 online
DOI: 10.1080/07366299.2010.502855
Applying Aqueous Biphasic Systems for Partitioning
N-Methylimidazolium Grafted Merrifield Resin
Microparticles
Yuefeng Deng, Dongli Zhang, Lili Zhu, Tao Long, and Ji Chen
State Key Laboratory of Rare Earth Resource Utilization, Changchun Institute of
Applied Chemistry, Chinese Academy of Sciences, Changchun, P. R. China
Abstract: The partition behavior of Merrifield resin and two derivatives, RCl and
RPF6, has been investigated in a variety of aqueous biphasic systems (ABS). The
composition of ABS, different anions of the resins, and the graft ratio were found
to be important for controlling the partition behavior of Merrifield resin, RCl, and
RPF6 in three types of ABS: PEG-4000/Dextran-20000, PEG-4000/K2CO3, and
C4mimCl/K2CO3. It was found that a 10.86% graft ratio of RCl showed a satisfac-
tory separation for the Merrifield resins and N-methylimidazolium grafted Merrifield
resins in PEG-4000/Dextran-20000 ABS. It was speculated that RCl or RPF6 has a
strong interaction with Dextan-20000 and [C4mim]Cl, but very weak interaction with
PEG-4000. Therefore, it was likely that the N-methylimidazolium grafted Merrifield
resin was partitioned to the bottom Dextran-rich phase.
Keywords: Aqueous biphasic systems, functionalized Merrifield resins, partition
INTRODUCTION
Aqueous biphasic systems (ABS) are formed when two mutually incom-
patible polymers/polymer, polymer/salt, or salt/salt are dissolved in water
above a certain critical concentration. ABS have been widely used in vari-
ous separations, such as cells, proteins,[1,2] metal ion species,[3] small organic
molecules,[4,5] and green biphasic reaction media.[6,7] Recently, researchers
also shown a great deal of interest in the separation of nano- and microparticles
in ABS. Baxter et al. studied the partition of acrylic latex and inorganic parti-
cles (TiO2) depending on both the size and surface character of the particles.[8]
Helfrich et al. reported that the partition behavior of Au and Ag nanospheres
Address correspondence to Ji Chen, State Key Laboratory of Rare Earth Resource
Utilization, Changchun Institute of Applied Chemistry, Chinese Academy of Sciences,
Changchun, 130022, P. R. China. E-mail: jchen@ciac.jl.cn.
D
o
w
n
lo
ad
ed
 B
y:
 [
CA
S 
Ch
in
es
e 
Ac
ad
em
y 
of
 S
ci
en
ce
s]
 A
t:
 0
1:
20
 4
 M
ar
ch
 2
01
1
654 Y. Deng et al.
and their bioconjugates in PEG/Dextran ABS.[9] Zeng and Osseo-Asare and
Zeng et al. studied that the pH and surfactant influenced the partition behavior
of SiO2 and hematite particles in ABS.[10,11] Chaiko et al. reported that ABS
offered extremely high separation factors for PuO2/graphite and PuO2/SiO2
mixtures.[12] In our previous work, we have reported the partitioning of rare
earth oxide nanoparticles, polymer microparticles, and molecular sieves in
ABS.[13,14] In these studies, the partition behavior was controlled by the parti-
cle surface functional groups, pH effects, and the composition of the ABS, and
the mixtures of the particles could be separated by selecting suitable ABS.
The surface modification may change the polymer surface activity
and obtain desired properties for specific uses in many fields. Goddard
and Hotchkiss had reviewed recent advances in the covalent attachment of
bioactive compounds to functionalized polymer surfaces including relevant
techniques in surface modification.[15] Several surface-modification methods
have been developed to introduce a variety of functional groups on the surfaces
of polymers.
Recently, ionic liquids have been widely used in separation sciences.[16–21]
The cationic parts of ionic liquids, such as alkylimidazolium, can be immobi-
lized on polymer or silica supports via covalent bonds to yield a new type
of anion exchanger.[22,23] We have synthesized polymer-supported ionic liq-
uids by N-methylimidazole grafted Merrifield resins, which had good chemical
and physical stability and exhibited highly effective adsorption of Cr(VI)
from aqueous solution.[24] However, the properties of the initial polymer and
surface-modified polymer were so similar that the separation of the mixture
of particles was becoming very difficult, and the purification techniques of
surface-modified polymer have not been investigated to a great extent. ABS
are potentially useful for separating particles and functionalized particles due
to their low and tunable interfacial tensions. It is interesting to study the parti-
tion behavior of N-methylimidazolium grafted Merrifield resins and Merrifield
resin microparticles in ABS. In this paper, in order to study the influence of
surface-modified Merrifield resins on the partition behavior in ABS, we have
synthesized N-methylimidazolium grafted Merrifield resins in the Cl− form
(RCl) with different graft ratios using PEG-4000/Dextran-20000 ABS, and
discussed the influences of the composition of ABS, different anions of the
resins, and the graft ratio on the partition behavior in ABS.
EXPERIMENTAL PROCEDURE
Reagents
PEG-4000 was purchased from Tianjin Tiantai Fine Chemical Reagent Co. Ltd.
Dextran-20000 was purchased from Sinopharm Chemical Reagent Co. Ltd.
K2CO3 was analytical grade reagents and purchased from Beijing Chemical
Reagent Co. Ltd., and the water was pure water. Merrifield resin (content
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Partition Behavior of Merrifield Resin 655
Figure 1. Chemical structures of Dextran, [C4mim]Cl, and PEG.
of Cl: 3.5 mmol/g, 1% DVB, 200–400 mesh, micropore structure, den-
sity: 0.63 g/cm3) was purchased from Tianjin Nankai Hecheng Science &
Technology Co. Ltd. 1-Methylimidazole was purchased from Linhai Kaile
Chemical Factory. 1-Butyl-3-methylimidazolium chloride ([C4mim]Cl) was
synthesized according to the literature.[17] Analysis of [C4mim]Cl by H NMR
(DMSO, ppm) resulted in a spectrum containing the following peaks: δ (ppm)
= 0.88 (3H, t), 1.24 (2H, m), 1.75 (2H, m), 3.87(3H, s), 4.18 (2H, t, J=3.2Hz),
7.77(1H, s), 7.85 (1H, s), 9.45 (1H, s). The corresponding 13C NMR (DMSO,
ppm) is δ (ppm) = 13.21, 18.69, 31.33, 35.63, 48.31, 122.21, 123.49, 136.71.
The chemical structures of the Dextran, [C4mim]Cl and PEG were shown in
Fig. 1. The other chemicals were analytical grade reagents.
Determination of the Binodal Curve of ABS
The binodal curve was determined by the cloud-point method at room temper-
ature, and the binodal curves of [C4mim]Cl/K2CO3 ABS were referred to the
reference.[25,26] The same procedure was used to determine the binodal curve
of PEG-4000/Dextran-20000 and PEG-4000/K2CO3 ABS.
Preparation of N-Methylimidazolium Grafted Merrifield Resins
Polystyrene (5 g) and 1-methylimidazole (20 mmol) were added to the 250 mL
PEG-4000(7.80%)/Dextran-20000(14.00%) aqueous biphasic systems, and
the mixture was heated at 70◦C by magnetic stirring for 72 h. The resin was
recovered by filtration, washed thoroughly with pure water, and the organic
residue was removed by extraction with ethanol. White microspheres (RCl)
were obtained after drying in a vacuum oven at 60◦C for 24 h. RCl reacted
with HPF6 to get the slightly yellow product RPF6 microspheres. The synthesis
procedure is shown in Scheme 1.
Characterization
The particle size and the surface of the microspheres were obtained by a
scanning electron microscope (JSM-840). Elementary analysis was conducted
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Scheme 1. Preparation of the Merrifield resin-supported IL (RX, X = Cl− or PF6−).
by VarioEL. FTIR analysis was measured with a Bruker VECT OR 22/N
spectrometer (German).
Partitioning the Particles in ABS
The ABS were prepared by weighing a mixed amount of polymer/polymer,
polymer/salt, or salt/salt into a known volume of water. Three types of ABS
were used as follows: 7.80 wt% PEG-4000, 14.00 wt% Dextran-20000, and
78.20 wt% H2O; 20.00 wt% PEG-4000, 15.00 wt% K2CO3, and 65.00 wt%
H2O; and 25.00 wt% [C4mim]Cl, 21.00 wt% K2CO3, and 54.00 wt% H2O. In
the former two systems, the top phase was PEG-rich phase, and the bottom
phase was the Dextran-rich phase or K2CO3 rich phase separately. In the final
system, the top phase was [C4mim]Cl-rich phase, and the bottom phase was the
K2CO3 rich phase. Solid particles of 1 wt% were thoroughly mixed in small
vials with the above three ABS for ten minutes; then the samples were allowed
to stand until the phases separated; finally, the phase preference of the particles
was recorded.
RESULTS AND DISCUSSION
The phase diagram of the ABS is a “fingerprint” unique to others under
a set of conditions, such as temperature, concentration of each component,
and pH of the ABS. The phase diagram shows the concentration of phase-
forming components, the equilibrium components concentration in the top and
bottom phases, and the ratio of phase mass. Figure 2 illustrates the binodal
curves for PEG-4000/Dextran-20000, PEG-4000/salt (K2CO3), and 1-butyl-
3-methylimidazolium chloride ([C4mim]Cl)/salt (K2CO3) ABS. The binodal
curve represents the critical concentration at which two phases form. Thus, to
the left and below the binodal curve, it was as a single homogeneous phase.
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Figure 2. The binodal curves for different ABS. , PEG-4000/Dextran-20000; ,
PEG-4000/K2CO3; •, [C4mim]Cl/K2CO3.
To the right of and above the binodal curve, it was two distinct phases. For
example, the overall composition was denoted by B on the tie line ABC. The
phase composition represented by the node A was rich in C4mimCl, and that
denoted by node C was rich in K2CO3. When comparing the binodal curves for
the same salt with PEG-4000 and [C4mim]Cl ABS, PEG-4000 is closer than
[C4mim]Cl to the origin in the binodal curve, indicating PEG-4000 forms an
ABS more easily than [C4mim]Cl. Because the steric hindrance of PEG was
greater than [C4mim]Cl, the salt can salt-out PEG more easily than IL from
aqueous solution. The phase diagrams of ABS can better quantify the degree
of cross-miscibility.
Figure 3 showed the FTIR spectrum of Merrifield resin, RCl, and RPF6.
It can be seen that Merrifield resin has a strong peak at 1263 cm−1 of methy-
lene bending vibration of –CH2Cl, but the peak becomes very weak for RCl
and RPF6. The evident peaks appearing at 1419 cm−1 and 664 cm−1 on the
Merrifield resin curve are due to the C–H in-plane bending vibration of –CH2Cl
and C–Cl stretching vibration of –CH2Cl. The bands at 1569 and 1157 cm−1
for RCl and 1572 and 1160 cm−1 for RPF6 correspond to framework vibration
and C–H in-plane bending vibration of the imidazolium ring, and this indicated
that the Cl of the Merrifield resin was mostly substituted by methylimidazolium
chloride (mimCl) groups. The band at 835 cm−1 for RPF6 was the charac-
teristic band of PF6−,[27] which implied Cl− has been exchanged with PF6−.
According to elemental analysis of RCl (74.54 wt% C, 4.31 wt% N, 7.49 wt%
H), the content of mimCl in RCl was calculated to be 1.54 mmol/g, and the
graft ratio was 56.79%. Figure 4 shows the SEM images of Merrifield resin,
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Figure 3. FTIR spectrum of Merrifield resin (a), RCl (b), and RPF6(c).
Figure 4. SEM image of Merrifield resin (a), RCl (b), and RPF6(c).
RCl, and RPF6 samples. It can be seen that the diameters of Merrifield resin
particles were about 70 µm, and the particle sizes of RCl and RPF6 were little
increased compared with Merrifield resin. RCl prepared in the DMF systems
had a higher graft ratio[24] because Merrifield resin was well swelled in the
D
o
w
n
lo
ad
ed
 B
y:
 [
CA
S 
Ch
in
es
e 
Ac
ad
em
y 
of
 S
ci
en
ce
s]
 A
t:
 0
1:
20
 4
 M
ar
ch
 2
01
1
Partition Behavior of Merrifield Resin 659
DMF system, but not in ABS. The reaction occurred on the surface of the
Merrifield resin.
When the Merrifield resin and 1-methylimidazole were added into the
PEG-4000/Dextran-20000 ABS, they were distributed to the top phase.
Chemical reaction on the surface of the Merrifield resin led to the formation
of the RCl, and RCl was distributed to the bottom phase. It was interesting that
the partition of the Merrifield resin and RCl was to the top phase and the bot-
tom phase in PEG-4000/Dextran-20000 ABS, respectively. The distribution of
particles is attributable to the interfacial forces of ABS. The interfacial forces
acting upon the particles will distribute them unevenly to the phase at lowest
interfacial energy.[1] For smaller particles (radius < 1 µm), the interfacial force
will dominate compared with the gravitational force, and gravitation has only
a small influence on the distribution of a single particle. So the gravitational
force of the resin can be ignored. Although the diameters of Merrifield and
RCl resins are about 80 µm, the resins can be partitioned in the ABS because of
the micropore structure and low density. Partitioning of the particles was influ-
enced by the compositions, pH, additive of systems, and the surface structure
of the particles and so on.
The Merrifield resin was preferentially partitioned to the top phase due to
the hydrophobic surface of Merrifield resin in the less polar top phase, such as
PEG-rich phase, while RCl was preferentially partitioned to the bottom phase.
Figure 5 showed the influence of different graft ratio of RCl on the partition
in PEG-4000/Dextran-20000 ABS. It was observed that the particles began to
partition to the bottom phase when the graft ratio is higher than 10.86%.
Figure 6 illustrated that the Merrifield resin, RCl, and RPF6 were parti-
tioned in different ABS, PEG-4000/Dextran-20000, PEG-4000/K2CO3, and
C4mimCl/K2CO3 ABS. It showed that the Merrifield resin was partitioned to
the top phase in all three types of ABS. It was interesting that the RCl was
partitioned to the bottom phase of PEG-4000/Dextran-20000 ABS, while in
the top phase of PEG-4000/K2CO3 ABS, and mainly in the top and some
Figure 5. The influence of RCl at different graft ratio on partition in PEG-
4000/Dextran-20000 ABS. (a) 0%; (b) 3.36%; (c) 9.18%; (d) 10.86%.
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Figure 6. Partitioning of Merrifield resin (a), RCl (b), and RPF6 (c) in PEG-
4000/Dextran-20000 (A), PEG-4000/K2CO3 (B), and C4mimCl/K2CO3 (C) ABS. The
graft ratios of RCl and RPF6 were 56.79%.
at the interface of C4mimCl/K2CO3 ABS. It is presumed that the chloride-
containing ionic liquids may solubilize the cellulose through hydrogen bonding
from hydroxyl functions to the anions of the solvent.[28] Thus, it can be sup-
posed that there are many O–H groups in the Dextran than PEG, and strong
hydrogen-bonding interactions are formed between the Cl− anions of RCl and
the O-H groups of Dextran. Thus, it is apparent that Dextran has a stronger
hydrogen-bonding interaction with RCl than PEG. As a result, the RCl par-
ticles prefered the bottom Dextran-rich phase. RPF6 has a similar partition
behavior to that of RCl, although hydrogen bonding of the PF6− was weaker
than that of Cl−.[29] Zeng and Osseo-Asare [30] reported that Dextran has a
stronger interaction with cationic surfactants than PEG. It was thought that the
hydrophobic interaction was the driving force responsible for this incorpora-
tion. Since cationic surfactants and N-methylimidazolium grafted Merrifield
Resins (RCl or RPF6) have similar structures, it was reasonable to suppose
that RCl or RPF6 are also able to interact with Dextan-20000. Therefore, it
is likely that the RCl partitions to the bottom Dextran-rich phase. There was
very weak interaction between the RCl or RPF6 with PEG, and no interaction
between RCl or RPF6 with K2CO3 in PEG-4000/K2CO3 ABS, so the RCl or
RPF6 partitions to the top PEG-rich phase and interface.
New types of ionic liquids/salt ABS have showed some unique proper-
ties, such as low viscosity, little emulsion formation, quick phase separation,
high extraction efficiency, and biocompatiblity. The incorporation of ionic liq-
uids into micelles with ionic surfactants has shown significant changes the
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Partition Behavior of Merrifield Resin 661
micelle aqueous solutions. Jiang et al.[31] have already shown that 1-butyl-3-
methylimidazolium tetrafluoroborate ([C4mim]BF4) aggregates into cylindri-
cal micelles in the ionic liquid-rich top phase of ABS. Recently Rojas et al.[32]
reported that ethyl-methylimidazolium hexylsulfate ([EMIM][hexylsulfate])
enhances a major packing of the cationic surfactant molecules CTAB at
the interface, and the ionic liquids pairs act as strong surfactants. N-
methylimidazolium grafted Merrifield resins can interact with the [C4mim]Cl
chains, so RCl or RPF6 distribute mainly to the ionic liquid-rich top phase and
some at the interface.
CONCLUSIONS
The partition behavior of N-methylimidazolium grafted Merrifield resin
microparticles was investigated in three types of aqueous biphasic systems
(ABS). The influences of the compositions of ABS, different anions of the
N-methylimidazolium grafted Merrifield resin, and the graft ratio on the parti-
tion behavior of N-methylimidazolium grafted Merrifield resin microparticles
in ABS were discussed. The results showed that the surface character of
the resin and the compositions of ABS could control the partition behav-
ior of the particles in the ABS. The N-methylimidazolium grafted Merrifield
resin and Merrifield resin particles could be separated completely in the
PEG-4000/Dextran-20000 ABS. The surface of N-methylimidazolium grafted
Merrifield resin was hydrophilic, and there was a strong interaction between N-
methylimidazolium grafted Merrifield resin with Dextan-20000 or C4mimCl,
while a very weak interaction with PEG-4000 and no interaction with K2CO3.
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